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SUMMARY 
An expe r imen ta l  i nves t iga t ion  has  been  conduc ted  t o  p r o v i d e  a s y s t e m a t i c  
set o f  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d a t a  f o r  a s i m p l i f i e d  wing-body model with 
a series of v e r t i c a l - t a i l  a r r a n g e m e n t s .  The s t u d y  was made a t  Mach numbers from 
1.60 t o  2.86 a t  nominal  angles  of attack from -8O t o  12O and Reynolds number of 
8.2 X 1 O 6  per meter. Comparisons a t  ze ro  ang le  o f  a t tack have  been made w i t h  
t h r e e  e x i s t i n g  t h e o r e t i c a l  m e t h o d s  (MISLIFT - a second-order  shock  expansion  and 
panel  method;  APAS - a s l e n d e r  body  and " f i r s t  o r d e r "  panel method;  and PAN A I R  - 
a "h igher  order"  pane l  method)  and  compar isons  a t  a n g l e  o f  a t tack have  been made 
with PAN A I R .  
The results show t h a t  PAN A I R  g e n e r a l l y  p r o v i d e s  a c c u r a t e  estimates of 
t h e s e  c h a r a c t e r i s t i c s  a t  m o d e r a t e  a n g l e s  o f  a t t a c k  f o r  complete c o n f i g u r a t i o n s  
w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  APAS p r o v i d e s   e s t i m a t e s   f o r   c o m p l e t e  
c o n f i g u r a t i o n s   a t   z e r o   a n g l e   o f   a t t a c k .   H o w e v e r ,  MISLIFT o n l y   p r o v i d e s  es t i -  
mates f o r  t h e  s i m p l e s t  b o d y - v e r t i c a l - t a i l  c o n f i g u r a t i o n s  a t  z e r o  a n g l e  o f  
at tack. 
INTRODUCTION 
Computer codes  have  been  developed for r a p i d  a c c u r a t e  estimates o f  t h e  
a e r o d y n a m i c  c h a r a c t e r i s t i c s  o f  a i r c r a f t  a n d  missile c o n f i g u r a t i o n s  a t  s u p e r s o n i c  
speeds .  Much a t t e n t i o n   h a s   b e e n   g i v e n  t o  the   deve lopment   and   assessment   o f   these  
m e t h o d s  f o r  p r e d i c t i n g  t h e  l i f t ,  d r a g ,  a n d  p i t c h i n g - m o m e n t  c h a r a c t e r i s t i c s  o f  
complex   conf igura t ions .  Many o f   t h e s e   m e t h o d s   h a v e   t h e   c a p a b i l i t y   o f   p r e d i c t i n g  
t h e  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  o f  a i r c r a f t  a n d  missiles, b u t  t h e i r  u t i l -  
i t y  has  not  been evaluated by comparison with experiment .  
An e f f o r t  h a s  b e e n  i n i t i a t e d  a t  NASA Langley  Research  Center  wi th  the  pr i -  
mary  purpose  of  provid ing  exper imenta l  da ta  on  s imple  wing-body-ver t ica l - ta i l  
con f igu ra t ions  wi th  wh ich  t o  assess l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  e s t i m a t i n g  
techniques  a t  s u p e r s o n i c   s p e e d s .   T h e   l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s  
o f  t h e  c o n f i g u r a t i o n s  were also r e c o r d e d  d u r i n g  t h e  t es t  program  and  are   included 
i n   t a b u l a r   f o r m .   T h e s e   e x p e r i m e n t a l   d a t a  are p resen ted   a long   w i th   an   a s ses smen t  
of t h r e e  o f  t h e  e x i s t i n g  m e t h o d s  c a p a b l e  o f  e s t i m a t i n g  l a t e r a l - d i r e c t i o n a l  param- 
eters.  The  methods  include a second-order  shock  expansion  and  panel  method 
(MISLIF", r e f .  1 )  , a s l e n d e r  body  and " f i r s t  order"   pane l   method (WAS, ref .  2) , 
and a " h i g h e r  o r d e r "  p a n e l  m e t h o d  f o r  l i n e a r i z e d  s u p e r s o n i c  f l o w  (PAN A I R ,  
r e f .  3 ) .  
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SYMBOLS 
Force  and  mment  da ta  are r e f e r r e d  t o  t h e  body a x i s  s y s t e m  e x c e p t  f o r  l i f t  
and  drag  data   which are r e f e r e n c e d  t o  t h e  s t a b i l i t y  a x i s  s y s t e m .  T h e  moment r e f -  
erence c e n t e r  was l o c a t e d  a t  75 .6   percent   o f   the  body l e n g t h .  The  model was 
designed,  built,  and  the  data  were  reduced  using  the U.S. Customary  Units; 
however,  all  data  are  presented  in the SI Units. 
reference  area,  maximum  cross-sectional  area of body,  0.00456 m2 
aspect ratio 
wing or tail  span  (exposed) , cm 
Drag 
drag coefficient, - 
SA 
Lift 
lift coefficient, - 
Rolling  moment 
rolling-moment  coefficient, 
SAd 
effective  dihedral  parameter  (roll stability'parameter) , 
Pitching  moment 
SA1 
pitching-moment  coefficient, 
Yawing  moment 
SAd 
yawing-moment  coefficient, 
directional  stability  parameter , 
Side  force 
side-force  coefficient, 
SA 
side-force  parameter ,
root  chord 
tip  chord 
body  diameter, 7.62 cm 
z body l e n g t h ,  88.90 c m  
M free-stream Mach number 
M.S. model s t a t ion   (measu red   f rom  nose ) ,  cm 
9 free-stream dynamic   p ressure ,  Pa 
t p a n e l  maximum t h i c k n e s s ,  cm 
01 a n g l e  of a t tack,  deg 
B a n g l e  of s i d e s l i p ,   d e g  
A leading-edge sweep ang le ,   deg  
x C t  taper r a t i o ,  - 
Model 
B 
Vl 
v2 
v3 
v4 
V5-2d 
'5-4d 
V6-2d 
V6-4d 
W 
J 
components: 
body 
v e r t i c a l  t a i l  1 , 
v e r t i c a l  t a i l  2, 
v e r t i c a l  t a i l  3, 
v e r t i c a l  t a i l  4, 
v e r t i c a l  t a i l  5, 
v e r t i c a l  t a i l  5 ,  
v e r t i c a l  t a i l  6, 
v e r t i c a l  t a i l  6,  
wing 
body mounted 
body mounted 
body mounted 
body m o m  t ed 
wing  mounted w i t h  2-body-diameter spacing 
wing  mounted w i t h  4-body-diameter spacing 
wing mounted with 2-body-diameter spacing 
wing  mounted w i t h  4-body-diameter spacing 
TEST PROCEDURE, MODEL, AND DATA 
Test Procedure  
The i n v e s t i g a t i o n  was c o n d u c t e d  i n  t h e  l o w  Mach number tes t  s e c t i o n  o f  t h e  
Lang ley  Un i t a ry  P lan  Wind Tunnel,  which is a va r i ab le -p res su re  con t inuous -€ low 
f a c i l i t y .  The test  s e c t i o n  is approximate ly  2.1 3 meters long  and  1 .22  meters 
3 
s q u a r e .   F o r   t h e   p r e s e n t  tests, t h e  Mach number ,   s t agna t ion   p re s su re ,   and   s t ag -  
na t ion  t empera tu re  were as follows: 
I I 
S t a g n a t i o n  
tempera ture ,  K p r e s s u r e ,  kPa 
S t a g n a t i o n  
~- 
1 .60 
2.36 
339 68.28 
2.86 
339 79.43 
123.05 1 339 c - . .. . . "  \ 
The nominal t es t  Reynolds number  was 8.2 X 1 O6 per  meter. 
The dew-point temperature measured a t  s t a g n a t i o n  p r e s s u r e  was main ta ined  
below  239 K to  a s s u r e   n e g l i g i b l e   c o n d e n s a t i o n   e f f e c t s .  A l l  tests were con- 
duc ted  wi th  boundary - l aye r  t r ans i t i on  s t r ip s  on  the  body  2 .05  c m  a f t  o f  t he  nose  
and  1.02 an a f t  (measured streamwise) o f  t he  l ead ing  edges  o f  t he  wing  and  t a i l  
s u r f a c e s .  The t r a n s i t i o n  s t r i p s  c o n s i s t e d  o f  No. 60 s a n d   s p r i n k l e d   i n   a p p r o x i -  
mate ly  0.1 57-cm-wide s t r i p s .  
Mode 1 
A two-view ske tch  o f  a t y p i c a l  m o d e l  c o n f i g u r a t i o n  is shown i n  f i g u r e  l ( a ) .  
The body c o n s i s t e d  o f  a 3 . 5  c a l i b e r  t a n g e n t  o g i v e  n o s e  f o l l o w e d  by a c y l i n d r i c a l  
s e c t i o n  w i t h  a n  o v e r a l l  f i n e n e s s  r a t i o  o f  11.67. The  wings   and   ver t ica l  t a i l s  
were removable t o  permit 'a wide v a r i a t i o n  o f  model c o n f i g u r a t i o n s  to  be t e s t e d .  
Four  of  the  conf igura t ions  had  a v e r t i c a l  t a i l  mounted  on  the  body,  and  the t w o  
o t h e r  c o n f i g u r a t i o n s  h a d  v e r t i c a l  t a i l s  m o u n t e d  a t  t w o  spanwise  loca t ions  on  the  
wings .   De ta i l s  of t h e  v e r t i c a l  t a i l s  are g i v e n  i n  t a b l e  I a n d   f i g u r e  1 (b)  and 
t h o s e  o f  t h e  w i n g  i n  t a b l e  I a n d  f i g u r e  1 ( c ) .  The l e a d i n g  a n d  t r a i l i n g  e d g e s  of 
t h e  t a i l s  and  wings were s h a r p  wedges  having t o t a l  ang le s  measu red  in  a p l a n e  
perpendicular  t o  the  edges  of  24O and 20°, r e s p e c t i v e l y .  The two spanwise loca- 
t i o n s  f o r  t h e  ' w i n g  m o u n t e d  t a i l s  a r e  a l s o  shown i n  f i g u r e  l (c) . 
Data Measurements  and Correct ions 
Aerodynamic forces and moments on  the  model  were measured by means of a 
six-component e lectr ical  s t ra in-gage  ba lance  which  was housed  wi th in  the  model .  
The ba lance  was a t t a c h e d  t o  a s t i n g  w h i c h  was r i g i d l y  f a s t e n e d  t o  t h e  t u n n e l  
support   system.  Balance chamber p r e s s u r e  was measured by means  of a static- 
p r e s s u r e  or i f i c e  located i n  t h e  v i c i n i t y  of t he  ba l ance .  
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The ang le s  o f  at tack were c o r r e c t e d  f o r  d e f l e c t i o n  of t h e  b a l a n c e  a n d  s t i n g  
due to aerodynamic  loads  and  tunnel-flow  misalignment.  The d r a g - c o e f f i c i e n t   d a t a  
were a d j u s t e d  t o  f r ee - s t r eam cond i t ions  ac t ing  ove r  t he  mode l  base .  
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THEOlU3TICAL METHODS 
MISLIFT: The MISLIFT method  ( re f .  I ) ,  which estimates l i f t - i n d u c e d  pres- 
su res  on  a wing-body combinat ion,  incorporates  t w o  separate a n d  d i s t i n c t  t h e o -  
ries. Spec i f i ca l ly ,   t he   s econd-o rde r   shock-expans ion   t heo ry   o f   r e f e rence  4 i s  
used to  o b t a i n  t h e  l i f t i n g  p r e s s u r e s  o n  t h e  body a l o n e  a t  small a n g l e s  of a t t a c k  
a n d  t h e  l i f t i n g  p r e s s u r e s  i n d u c e d  by a l i f t i n g  s u r f a c e  are e v a l u a t e d  b y  t h e  
n u m e r i c a l   s o l u t i o n  to  t h e   l i n e a r - t h e o r y   i n t e g r a l   e q u a t i o n s  of r e f e r e n c e  5. The 
mumerical s o l u t i o n  o f  t h e s e  e q u a t i o n s  is e f f e c t e d  by t r e a t i n g  t h e  p l a n f o r m  as' a 
p l a n a r  composite of  elemental rec tangles  and  apply ing  summat ion  techniques  t o  
s a t i s f y  t h e  n e c e s s a r y  i n t e g r a l  r e l a t i o n s .  A f u r t h e r  d e s c r i p t i o n  of t h e  t h e o r e t -  
i ca l  method and  compar ison  wi th  exper imenta l  resu l t s  can  be ob ta ined  f rom re f -  
e r e n c e  1. This  method predicts t h e  a e r o d y n a m i c  c h a r a c t e r i s t i c s  for a p lanar -  
t y p e   c o n f i g u r a t i o n .  And, for t h e   p r e s e n t   s t u d y ,   t h e   m o d e l  was taken  t o  be a 
p l a n a r  c o n f i g u r a t i o n  i n  t h e  side v i e w  i n  order to  estimate t h e  l a te ra l -  
d i r e c t i o n a l  c h a r a c t e r i s t i c s .  
APE: The  Aerodynamic   Pre l iminary   Analys is   Sys tem  ( re f .  2)  is a " f i r s t  
o r d e r "  p a n e l  method s o l u t i o n  for l i n e a r i z e d  s u b s o n i c  a n d  s u p e r s o n i c  f l i g h t .  
Angle of attack and s i d e s l i p   s o l u t i o n s   a r e   h a n d l e d   i n d e p e n d e n t l y .  A g e n e r a l  
s lender -body  theory  i s  used t o  represent   body-a lone  effects. The p e r t u r b a t i o n  
v e l o c i t i e s  from the  body are i n c l u d e d  i n  a Woodward " c o n s t a n t  pressure'' a n a l y s i s  
m e t h o d   f o r   t h i n   l i f t i n g  surfaces. I n t e r f e r e n c e  s h e l l s  a r e  used i n  t h e  l i f t i n g -  
s u r f a c e  a n a l y s i s  t o  c a r r y  o v e r  t h e  l o a d  from t h e   w i n g s   o n t o  t h e  body.  The 
l i f t i n g - s u r f a c e  m e t h o d  u s e s  a v o r t e x  s i n g u l a r i t y  of c o n s t a n t  s t r e n g t h  i n  t h e  
chordwise  d i r ec t ion  on  each  of the  p a n e l s  i n t o  which t h e  l i f t i n g  s u r f a c e s  are 
d i v i d e d .  The loads o n  t h e  l i f t i n g  s u r f a c e s  a r e  c a l c u l a t e d  d i r e c t l y  from t h e  
s o l u t i o n  u s i n g  t h e  first-order p r e s s u r e - c o e f f i c i e n t  r e l a t i o n ,  a c c o u n t i n g  for 
o n l y  t h e  p e r t u r b a t i o n  v e l o c i t i e s  i n  t h e  free-stream d i r e c t i o n .  The t o t a l  forces 
and moments are a sum of t h e  s l e n d e r - b o d y  a n d  l i f t i n g - s u r f a c e  s o l u t i o n s .  
PAN A I R :  The PAN A I R  p i l o t  code ( re f .  3)  is a "h igher  order" panel  method 
s o l u t i o n  for  l i n e a r i z e d   s u b s o n i c   a n d   s u p e r s o n i c  flow. Combined source and 
d o u b l e t  p a n e l s  w i t h  l i n e a r l y  v a r y i n g  s o u r c e  a n d  q u a d r a t i c a l l y  v a r y i n g  d o u b l e t  
d i s t r i b u t i o n s   c a n  be used. The q u a d r i l a t e r a l   p a n e l s   f o r m e d  from a r e c t a n g u l a r  
a r r a y  of i n p u t  p o i n t s  are e a c h  d i v i d e d  i n t o  e i g h t  t r i a n g u l a r  f l a t  s u b p a n e l s  i n  
such  a way t h a t  a l l  p a n e l  e d g e s  are cont iguous  w i t h  a d j a c e n t  p a n e l s .  Q u a d r a t i c  
d o u b l e t  d i s t r i b u t i o n s  o v e r  each t r i a n g u l a r  s u b p a n e l  a r e  prescribed, l e a d i n g  t o  
a c o n t i n u o u s  p i e c e w i s e  q u a d r a t i c  d o u b l e t  s t r e n g t h  o v e r  t h e  e n t i r e  c o n f i g u r a t i o n .  
The source s t r e n g t h  is n o t  r e q u i r e d  to be cont inuous and a l i n e a r  l e a s t - s q u a r e  
t y p e  o f  d i s t r i b u t i o n  is used. 
This method allows a w i d e  v a r i e t y  of s ingu la r i ty  and  boundary -cond i t ion  
formula t ions  to  be specified inc luding  both  chord  p lane  and  surface p a n e l  model- 
i n g   o p t i o n s .   F o r   " t h i c k "  body type of s o l u t i o n s  a common approach is to use  
combined source and doublet  panels  with a p e r t u r b a t i o n  p o t e n t i a l  b o u n d a r y  c o n d i -  
t i o n   c o r r e s p o n d i n g  t o  zero  normal  mass f l u x   t h r o u g h   t h e   s u r f a c e .  For " t h i n "  
wings ,  th ickness  effects can be c o n s i d e r e d  to  be secondary  and  doub le t s  a lone  
can be u s e d  o n  t h e  l i f t i n g  s u r f a c e s  to s a t i s f y  z e r o  n o r m a l  mass f l u x  t h r o u g h  t h e  
s u r f a c e .  A combinat ion of t h e s e  t w o  approaches was u s e d  i n  t h e  p r e s e n t  applica- 
t ion:   combined  source and d o u b l e t  p a n e l s  were used  o n  t h e  body and   doub le t  
p a n e l s  were used   on   the   wings   and   ver t ica l  t a i l s .  I n  t h e  c o n t e x t  o f  small- 
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perturbation solution, a dist inction between zero normal  mass flux and zero 
normal velocity flux can be  made.  Based  on previous experience (ref. 6 )  , the 
formulation corresponding t o  zero normal velocity flux was used on t h e  body and 
that  corresponding to  zero normal mass flux was used on the wing and t a i l  sur- 
faces. Also w i t h i n  the  context of the small-perturbation solution, compressibil- 
i t y  axes can be defined which  are not aligned w i t h  free-stream direction. I n  
a l l  of the results presented, however, compressibility axes were aligned w i t h  
the f ree-stream  direction. 
The forces and  moments are calculated by integrating the pressure coeffi- 
cient over the surface. The isentropic pressure relation was used to  calculate  
the pressure coefficient from the total  velocity.  
DISCUSSION 
The experimental longitudinal characteristics are presented i n  table 11. 
The experimental lateral-directional stability data are presented i n  figures 2 
t o  5. The comparisons of experimental and theoretical  lateral-directional sta- 
b i l i t y  parameters a t  cx = Oo are  presented i n  f igure 6 for  the  various  configu- 
rations. A s  was previously noted, MISLIFT is a planar solution and, therefore, 
only configurations which have l i f t i n g  surfaces i n  a single plane could be 
analyzed by t h i s  method: however, both the APAS and PAN A I R  codes could be used 
to  analyze complete configurations. The B ,  BW, and BWVl configurations  are 
shown i n  f igures   6 (a)   to   6 (c) .  The theoretical  estimates of Cy and C l  show B B 
f a i r  t o  good agreement w i t h  the experimental results, except for of the 16 
BWVl configuration ( f i g .  6 ( c ) )  a t  M = 2.86, which probably resul ts  from the 
scat ter  of experimental data as shown i n  f igure 2(c) .  Fair  agreement is shown 
for (2% for  either MISLIFT or PAN A I R .  Both MISLIFT and PAN A I R  show a vari- 
ation of a l l  parameters w i t h  Mach number, whereas APAS, which is based on a 
slender-body theory for the body effects ,  does not show t h i s  variation w i t h  
Mach  number for the B or BW configuration b u t  does show a variation w i t h  Mach 
number for  the BWV1 configuration. The APAS results for the BW configuration 
are the same as the results for the B configuration, and indeed the experimental 
data show l i t t l e  e f f e c t  of addition of the wing a t  = Oo. The body-vertical- 
t a i l  configurations are shown i n  figures 6 ( d )  t o  6 (9) .  Fair  to  good canparisons 
are made for and C for a l l  configurations w i t h  only s l i g h t  differences 
among the  three  theories.  Fair  to good agreement i n  C is shown for MISLIFT . .  "
16 
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and PAN A I R ,  except for BV3 ( f ig .  6 ( f ) ) .  T h i s  exception is probably due to the 
increase i n  manent  arm which  tends t o  magnify any error i n  the side force or 
center-of-pressure  location. Canparisons for  the wing-mounted ver t ica l - ta i l  
configurations are shown i n  figures 6 ( h )  t o  6(k). Fair to good agreement i s  
shown fo r  a l l  parameters for PAN A I R .  
Since the results from MISLIFT and APAS are invariant w i t h  angle of attack, 
only the results from PAN A I R  are used for comparisons of the s t a b i l i t y  param- 
eters at angles of attack. These comparisons are  shown i n  f igure 7 for the vari- 
6 
I 
I ous c o n f i g u r a t i o n s .  I t  s h o u l d  be n o t e d  t h a t  t h e  t h e o r y  is  v i o l a t e d  a t  M = 2.86 f o r  01 & 5O. O v e r a l l ,  t h e  r e s u l t s  are q u i t e   g o o d ,   e x c e p t   f o r   t h e  Bwv6-2d and 
B w g - 4 d   c o n f i g u r a t i o n s   ( f i g s .   7 ( f )   a n d   7 ( g ) ) .  The d i f f e r e n c e  may b e   a t t r i b u t e d  
to  t h e  i n a b i l i t y  of the program to  account  for t h e  p r e s e n c e  o f  v o r t i c e s ,  etc. 
CONCLUDING REMARKS 
An e f f o r t  h a s  b e e n  i n i t i a t e d  a t  NASA Langley Research Center  to  assess t h r e e  
ex i s t ing  me thods  of e s t i m a t i n g  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  a t  
s u p e r s o n i c  s p e e d s .  The p r e d i c t i o n  m e t h o d s  i n c l u d e  a second-order   shock  expansion 
and  panel  method  (MISLIFT), a s l e n d e r - b o d y  a n d  " f i r s t  order" panel  method ( A P A S ) ,  
and a "h ighe r   o rde r "   pane l  method f o r  l i n e a r i z e d  s u p e r s o n i c  flow (PAN A I R ) .  The 
resul ts  l e a d  t o  t h e  f o l l o w i n g  c o n c l u d i n g  remarks: 
1 .  PAN A I R  g e n e r a l l y  p r o v i d e s  a c c u r a t e  p r e d i c t i o n s  a t  modera te  angles  of 
a t t a c k  for comple t e  conf igu ra t ions  w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  
2. APAS w i l l  p r o v i d e  f a i r l y  a c c u r a t e  p r e d i c t i o n s  a t  z e r o  a n g l e  of attack 
for c o m p l e t e  c o n f i g u r a t i o n s  w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  
3. MISLIET w i l l  o n l y  p r o v i d e  estimates for t h e  s i m p l e s t  b o d y - v e r t i c a l - t a i l  
c o n f i g u r a t i o n s  a t  z e r o  a n g l e  of at tack.  
Langley  Research  Center  
Na t iona l  Aeronau t i c s  and  Space  Admin i s t r a t ion  
Hampton, VA 23665 
June   9 ,  1981 
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Component 
d e s i g n a t i o n  
I 
TABLE 1.- COMPONENT CHARACTERISTICS 
60 
60 
65 
60 
60 
60 
vert ical  t a i l s  
~ 
203.2 
10 .oo -49 .50 203.2 
13.34 .88 .50 203.2 
13.34 -88 .14 203.2 
13.34 0.88 0.50 
alOl .6 .50 a.88 a9 -43 
a203.2 al 3.34  a.88 .50 
 
wing 
0.79 
.79 
.79 
.79 
.48 
.48 
t w ~-710.00 I bl .62 1 b43.18 I 0.95 .. . 1 -  - 
aBased on  exposed  s ing le  pane l .  
bBased on exposed double  panel .  
.J' 
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TABLE I1 .- LONGITUDINAL STABILITY CHARACTERISTJCS 
I M = 1.60 M = 2.00 1 M = 2.86 
-6.31 
. -4.26 
-2.22 
-1.1 9 
-.16 
.87 
1.89 
3.95 
6.01 
8.08 
10.1 5 
-6.97 
-4.56 
-2.1 6 
9.03 
12.24 
-0.2979 
-.1704 -. 0838 -. 0407 
.0016 
.0453 
.OB80 
.1944 
.3224 
.4919 
.7013 
0.2421 
.21 87 
.2032 
.2016 
.1990 
.2011 
.2038 
.2179 
.23 91 
.2767 
.3319 
-8.9599 
-5.7796 
-2.6236 
-1 .1692 
.1833 
1 .6377 
3.1745 
6.3463 
9.4644 
12.5975 
1 5.4668 
1.5534 
.9399 
.61 84 
.5646 
.5480 
.5795 
.6613 
1 .0329 
1.6858 
2.6368 
3.7986 
-0.1 545 -. 0983 
-. 041 3 -. 01  53 
.0076 
.0367 
.0612 
.1147 
.1754 
.2397 
.3117 
0.01 50 
.0179 
.01 41 
.0111 
.0095 
.0050 
.0006 
.0005 
.0156 
.0458 
-. 0023 
-6.30 
-4.25 
-2.1 9 
-1 .18 
-.15 
.88 
1.90 
3.97 
6.03 
8.1 2 
10.23 
-6.1 6 
-3.80 
-1 .46 
-.33 
.83 
1 .98 
3.1 6 
5.49 
7.81 
10.1 8 
12.51 
B configuration 
-0.3029 0.2254 -0.1458 
-.l 71 3 .2013 "0824 
-.OB38 .191 2 -. 0281 
-.0394 .1857 -. 0001 -. 01 63 .1866 .0279 
.04  95 .1889 .0576 
.0945 .1922 .0887 
.2047 .20 61 .1494 
.3783 .2369 .2159 
.5950 .2824 .2980 
.8957 .3533 .3987 
BW configuration 
-6.6328 
-3.9982 
-1 .411 4 
-.3166 
.8229 
2.1 072 
3.41 44 
5.9703 
8.3944 
10.7949 
1 3.0564 
1.11 67 
.6948 
.4978 
.4723 
.481 8 
.5257 
.6275 
.9882 
1 .5696 
2.361 0 
3.31 88 
-0.0230 
.0010 
.0056 
.0084 
.0127 
.0157 
.021 8 
.0399 
.0652 
.0998 
.1499 
-6.34 
-4.28 
-2.22 
-1 .20 
-.18 
.84 
1.86 
3.93 
5.99 
8.06 
10.1 4 
-7.06 
-4.89 
-2.67 
-1 .57 -. 46 
.66 
1.74 
3.98 
6.1 3 
8.38 
10.58 
-5.5086 
-3.9582 
-2.2063 
-1 .2693 
-.3324 
.5530 
1 .4608 
3.1 575 
4.9872 
6.6909 
8.3879 
-0.4267 -. 2428 
-.1103 -. 0567 
-.0040 
-0504 
.0781 
.2125 
.3942 
.6028 
.9578 
1 
 
0.21 29 
.1783 
.1638 
.1 637 
.161 4 
.1583 
.1604 
.1743 
.2105 
.2557 
-0.2085 
-.1364 
-.0746 
-.0448 
-.0205 . 01  31 
.0411 
.1120 
.1749 
.2527 
-3463 I .3398 
1 .0301 
.6910 
.4606 
.4068 
.3825 
.3 849 
.41 02 
.5737 
.BE03 
1 .3374 
1.9284 
-0.1 209 -. 0925 
-.0627 -. 0467 
-.0327 
-.0112 -. 0027 
.0250 
.0487 
.0983 
.1368 
TABLE 11.- Continued 
M = 1  .60 M = 2.00 M = 2.86 
r 
-6.95 
-4.55 
-2.1 3 
-.97 
.23 
1 .40  
I' 
-9.1 707 
-5.9981 
-2.7939 
-1.3640 
.0868 
1  .4523 
2.9409 
6.1 381 
9.3396 
.97 
-9.29 -0.4096 
-7.24 -.2887 
-5.1 9 -. 2079 
-4.17 -.1665 
-3.1 5 -.1254 
-2.1 2 -. 0845 
-1 .09 -. 0427 
.0618 
3.02  .1877 
5.1 0 .3543 
7.1 7  .5323 
L 
BWV1 configuration 
1  .6683 
.OS99 -3.80  -4.2607  .79321  .0484 
0.0595 -6.1 7 -6.8443  1  .22 3
3.3291 12 .49  I 12.8776 .0638 3.8269 
2.3854 10 .17  I 10.6330 .0398 2.661 2 
1  .6119 7.82 ~ 8.2596 .0281 1 .7531 
1  .0366 .0270  5.49  5.7778 1.0971 
.6803 .0285 3.1 5  3.181 8 .7330 
.0344  1.97  1 .E749 < .5942 .6628 
.0391 , .81 .6339 1 .5515 .6379 .0436 - . 3 3  -. 5423  .5502 -6521 
.0497 -1 .48 -1 .7206  .5837 .7162 
BV1 configuration 
j i 
0.3746 
.3338 
.3074 
.2999 
.2911 
.2865 
.2832 
.2816 
.294  9 
.31 41 
.3482 
-0.1 858 
-.1291 
-. 0785 -. 0525 -. 0280 -. 0004 
.0240 
.0775 
.1357 
.1988 
.2746 
-7.1 9 
-5.11 
-3.07 
-2.08 
-1 .03 . 00 
1 .04 
3.1 0 
5.1 5 
1 7.26 1 9.35 
- 
-0.3674 -. 2409 
, -.1574 I 
-.1147 ~ 
-.0729 ' -. 0297 
.0129 ' i .1414 
.7925 
0.3324 
.3001 
.2811 
.2775 
.2700 
.2673 
.2670 
.2810 
.3006 
.3375 
.4001 
0.0092 
.0215 
.0289 
.0349 
.0300 
.0345 
.0390 
.OS70 
.0790 
.1120 
.1666 
-0.1 937 
-.1329 
-. 0801 
-.0537 
-.0289 
-. 0009 
.0255 
.0860 
.1528 
.23 51 
.3366 
-6.94 
-4.77 
-2.59 
-1 .44 
-.38 
.74 
1  .83 
4.05 
6.22 
8.49 
10 .67  
-5.5592 
-3.9841 
-2.21 87  
-1.2647 -. 4790 
.32 51 
1  .4347 
3.2032 
4.8252 
6.6233 
8.241 9 
-8 -51 
-6-45  
-4.41 
-3.37 
-2.35 
-1 .33 -. 31 
1 .75  
3.79 
5.87 
7.96 
1 .1139 -0.0554 
.76  93 
.4854 
-. 001 3  .5496 -. 0274 
.0248 .4613 
.0129 
.4586  .0349 
.4538  .0511 
.64 51 .0753 
.9329  .lo21 
1.3922  .1347 
1.9653 . .1656 
I 
" 
-0.5000 -. 3244 
"1963 
-.1433 -. 091 4 
-. 01 36 
.11 74 
.2730 
-5038 
0.3286 
.2710 
.2474 
.2396 
.2350 
.2283 
.2241 
.2313 
.2484 
.2883 
.3504 
-0.21 34 
-.1482 -. 0885 
-.0550 
-.0252 
-.0009 
.0270 
.0942 
.1520 
.2265 
.3187 
TABLE 11.- Continued 
-6.27 
-4.21 
-2.16 
-1 .15 
-.14 
.92 
1 .92  
3.96 
6.00 
~ 8.10 
10 .18  
i 
-0.2851 
-.l 61 0 -. 0789 
.0388 
.0030 
.0654 
. l o 6 2  
.1884 
.31 21 
.4769 
.6636 
0.3521 
.3277 
.3126 
.3079 
.3025 
.3018 
.3055 
.31 66 
.3394 
.3785 
.4276 
-0.1  499 -. 0877 -. 0323 
-. 0092 . 01 53 
.0430 
.0676 
.1228 
.1776 
.2431 
.3224 
1 -7.65 
-5.61 
-3.58 
-2.56 
I -1.55 
' "50 
.54 
2.57 1 4.62 
6.72 
i 8.81 
-0.3798 -. 2576 
-.1545 
-.1130 
-. 071 8 -. 0300 
.0115 
.11  65 
.2427 
.4093 
1 .5973 
0.3440 
.3107 
.2889 
.2839 
.2787 
.2749 
.2729 
.2825 
.2987 
.3321 
I .3749 
-0.1 822 
-.1322 -. 0762 
-.0536 
-.0279 -. 001 3 
.0248 
-0793 
-1358 
, .2014 
~ -2788 
-6.81 
-4.73 
-2.66 
-1 .63 
-.61 
.42 
1 . 4 5  
3.49 
5.54 
7.56 
9.79 
-7.1 7 
-5.1 3 
-3.07 
-2.03 
-1 . 01 
. 01 
1 . 0 5  
3.1 2 
5.1 7 
7.26 
9.36 
BV2 configuration 
i 
-0.3284 
-.2022 
-.0967 
-.0757 -. 0329 
.0097 
.0738 
-1 797 
.3497 
.5634 
.E625 
.2994 
.2850 
.2801 
.2746 
.2747 
.2776 
.2903 
.3143 
.3570 
BV3 configuration 
-.2431 .2943 
-.1377 .2725 
-.0952 .2695 
-. 0522 .2657 -. 0094 .2628 
~ .1632 
~ .2741 
~ .3131 1 .2969 
.5069 , .3309 
! .7856 .3966 
I- 
-.l 31 6 
-.0756 -. 0492 -. 01 82 
-0097 
.0392 
.0966 
.1 61 4 
.2463 1 
-7.53 
-5.45 
-3.38 
-2.37 
-1.35 -. 32 
.69 
2.76 
4.80 
6.88 
8.97 
-0.4599 
-.3052 
-.l 771 
-.1243 -. 0724 
-.0203 
.0057 
.1359 
-2659 
.4984 
-8555 
-. 0699 
.2254 -.0438 ' 
.2223 -. 01 40 
.2245 -. 01 03 
1 .2327 ' .0736 
~ .2547 .1364 
~ .2928 .2160 
- 
-.1424 
-.0872 -. 061 1 
-.0334 
-. 0066 
.0235 
.0865 
.2304 
.3310 
-6.43 
-4.36 
-3.37 
-2.34 
-1 .32 
I -.28 ' 1 . 7 5  
1 3.80 
5.89 
1 7.97 
" 
-0.5259 -. 351 5 -. 2462 
-.1962 
-.1188 -. 0930 
1 -.0395 
.0907 
.2222 
.4540 
.7893 
0.3234 
.2668 
.2418 
.2302 
.2200 
1 .21 41 
' .2114 
.2144 
j .2282 
.2630 
.3308 
-0.2089 
-.1520 I -. 0821 ' -. 0639 
-.0345 -. 0099 
.0222 
.0809 
.1491 
.2230 
.3210 
TABLE 11.- Cont inued  
-6.31 
-4.25 
-2.20 
-1 .17 
-.13 
.88 
1.91 
3.97 
6.02 
8.09 
10 .17  
-0.3077 
-.1 848 
-. lo27 
-.0608 -. 01 91 
.0225 
.0646 
.2938 
,4590 
I 
M = 1.60  I M = 2.00 M = 2.86 
a,  deg CD cm CL a,  deg Cm CD CL a ,  deg Cm CD CL 
BV4 c o n f i g u r a t i o n  
-6.80  -0.1977 : -6.29 1 -C.3888 0.2758  -0.1838 7
I 
.3008 
.2875 
,2809 
,2807 
.2803 
.2888 
.31 21 
.3481 
.3975 
"0933  -4.74 -. 1 845  .2767 -.1347 
-.0421 I -2.67  .0993 ~ .2647 1 "0780 
-.0119 -1 .65 , -.0564 
.0138 ' -.63 I -.0138 
.0398 I .40  ' .0086 
.0674  1.43 . o m  
i L3; 1 .I211 ~ -1806 .1793 1 .3518 .2406 7.65 .5458 .3231 9.76 .E436 
.2628 
.2592 
.2573 
.2596 
.2703 
.2971 
.33 61 
.4081 
BWV5-2d c o n f i g u r a t i o n  
' -.OS04 
-. 0259 
-.0067 
.0347 
.0954 
.1623 
.2463 
.3503  
-4.25 
-2.1 9 
-1.1 7 
-.15 
.87 
1 .90  
3.94 
5.99 
8.08 
10.1  7 
-.2357 
-.l 31 6 -. 0539 
-.0287 
.0263 
.0790 
.2082 
.3393 
.5689 
.9508 
.2404 
.2237 
.21 97 
.2165 
.2156 
.21 61 
.2284 
.2508 
.3027 
.3932 
-.1214 -. 0606 -. 0331 
-.0112 -. 0298 
.0596 
.11 01 
.1793 
.2554 
.3544 
I r 
-6.98  -9.1712  .7011  0.061 6 I -6.1 0 , -6.7854 1 .2248 
-4.58 -6.0535 1.0754 ~ 
-2.17 -2.8960 ' .7390 
-.98 -1.4036 .6734 
.19 -. 0586 .6479 
1.38  1.4335  .6683 , 
2.57  2.9442  .7411 
4.98 6.1 034 1 . lo57  
7.37 
12.21 
.0635 
.0534 
.0489 
.0412 
.0388 
.0302 
.0248 
.0276 
.0396 
.0742 
-3.75 
! -.26 
.89 
j 2.04 
3.21 
5.56 
~ -1.43 
10 .23  
-4.2400 
1 .6995 1 --.4580 
.7207 
1 .9621 
3.2663 
5.861  2 
8.2795 
10.6797 1 
.a022 
.5941 
.5569 
.561 2 
.6020 
.6962 
1.0593 
1  -6351 
2.41 31 
3.3527 
0.01 29 
.0281 
.0325 
.03 54 
.0383 
.0386 
.0467 
.0639 
.0861 
.1269 
.1924 
-6.98 ! -4.77 
2.55 1 11.46 
j 1.84 ' 4.05 
-5.7245 
-3.9083 
"4295 
.5327 
1.41  49 
3.2334 
5.0091 
6.7130 
8.3559 
1.1  402 
.7616 
.5377 
.4858 
.4568 
.4613 
.4878 
.64 93 
.9518 
1.4048 
1 .9751 
-0.0497 
-.0179 
.0065 
.0223 
.0307 
.0850 
.1159 
.1 525 
.1872 
TABLE 11.- Continued 
r 
M = 1 .60 M = 2.86 M = 2.00 
a, deg 
BWV5-4d configuration 
Cm CD CL a ,  deg Cm CD  CL a I  deg cm  CD  CL 
! -6.96 ' -0.0495 1.1340  -5.6773 -6.98  0.0061 1 .21 60 -6.7396 -6.09 0.0663 1 -6721 -9.0788 -4.58 
.0168  -4794 -1 .2394  -1.45  .0303  .5540 -. 41 70 -.27  .0537 .6735 -1 .3804  -.98 .0047  .5384 -2.1 240  -2.56 .0290  .5887 -1 .6162 -1 .42 ,0566  .7383  -2.8057 -2.1 7 
"021 7  .7751  -4.0337  -4.78 .0246  .7934 -4.1 768 -3.74  .0606  1.0662 -5.9755 
1 .38  1 1.4705 1 .6713  .0420 1 2.04 I 2.0253 1 .6042 1 .0366 ~ .74 1 -.4047 1 .4548  .04 51 
2.57  2.9992  .7476 ' .0380  3.22  3.3515  .7016  .040  ~ 1  .86  1  .441  9  .4770 .0562 
I 1   . lo08   .0282  5 .56 ' 5.9452 1 1 .OS65 4.05  3.2527  .6296  .0794 
' 9.81 1 ~i~~~~~ 7.40  1.7335 , .0310  7.89 1 8.4304 i 1  .6263 .0749  6.25 4.9299  .9270  .lo1 0 2.61 51 .0413  10 .23   10 .7706 , 2.3954  .1141  8.47 6.71 03  1 .3831  ,1395
3.7401 i .0700  12.57 10.66 , 8.4494 7 1  .98 5 .1741 .1  61 0 ,, 
I .20  .0657  .6504 1 .0477 .88 .7407  .5620 , .0316 .0384 -. 35  -2783  .4552 
I 4.98 1 6.1 435 
' 12.20 
? 
13.0500 I 3.3556 ,
I 
' -7.06 
-4.64 
-2.22 
-1 .04 
.13 
1 .32  
Bm6-2d configuration 
-9.351  4 
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Figure 1 .- Details of model. All linear dimensions are i n  centimeters. 
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20 
1 
4 -  
i 
. 2  
. I  
'. 2 
'. 3 
- a  - 6  - 4  - 2  0 2 4 6 a 10 1 2  
a, deg 
(c) M = 2.86. 
F igu re  2 .- Concluded. 
21 
. -  
- a  -6 - 4  - 2  0 2 4 6 
a. d e g  
(a) M = 1 .60. 
a 
0 
-. 1 
C 
b 
-. 2 
-.3 
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